by the multiple measurements. The solid lines are guides for the eye, indicating the harmonic intensities are proportional to $ .
I. Supplementary figures

II. Supplementary Note 1: Polarization of high-harmonic generation (HHG) from monolayer MoS2
The CVD samples had many crystal domains of monolayers, and their crystal orientations of the monolayer islands are not identical. We measured the harmonic spectra at the position on the sample where strong even-order high harmonics were observed; that is, the crystal orientation with respect to the polarization of the incident laser was optimized to maximize the even-order harmonics. Supplementary Figure 3 shows the polarization of the ninth and twelfth harmonics with the zigzag and armchair excitation. The odd-order harmonics are always parallel to the incident light polarization. The even-order harmonics with the zigzag excitation, where the even-order harmonics are generated efficiently, are perpendicularly polarized to the excitation light, while those with the armchair excitation are parallel. These polarization selection rules are originated from the dynamical symmetry of TMDs under the strong driving field and are discussed using the microscopic HHG model in solids in the Supplementary Note 4. 
III. Supplementary Note 2: Nonperturbative behavior of HHG in monolayer MoS2
Supplementary Figure 4 shows the intensity of the high harmonics generated from monolayer MoS2 as a function of the peak power of the excitation pulses Iexc.. The power dependence shows a saturation-like behavior, whereas it should show an " dependence (n means harmonic order) in the perturbative limit. All of the observed, both even and odd, harmonics show an ~$ dependence at the highest excitation power used in this study. The power dependence confirms the nonperturbative behavior of HHG in monolayer TMDs. and [2] . The valence and conduction bands have the following equations.
where
| 53 (K)| = sm J 3 + 2 cos M + 4 cos
The parameters given in Suppl. Ref. [1] are summarized in Supplementary Table 1 . Supplementary Table 1 The list of the band parameters. The parameters used for the band calculation taken from Suppl. Ref. [1] . 
V. Supplementary Note 4: Symmetry analysis of polarization selection rules
In the main text, the polarization selection rules of HHG with the zigzag excitation are discussed.
Here, we derive the polarization selection rule from the microscopic model which describes the three step HHG mechanism in solids. Using the formulation discussed in Suppl. Ref. [3] , the interband polarization density ( ) can be written in the length gauge as follows:
Here, is the crystal momentum, is the transition dipole moment, w is the transition energy from the valence to the conduction band, and ( ) is the vector potential of the driving field HHG including electron-hole pair creation through the tunneling process and electron-hole motion due to the driving field. For simplicity, we do not account for the spin-orbit coupling in this model.
In order to derive the selection rule for HHG, we divide ( ) into two terms given by 
As a result, one can deduce the rules: 
This means that both even-and odd-order HHG emission appear with the parallel polarization (ypolarized) in the case of armchair excitation.
We briefly touch the reason why we can obtain the parallel-polarized even-harmonics although 
Since electronic system in TMDs has the time reversal symmetry, transition energy w and dipole moment µ satisfy
By combining equations (11) and (12) from the mirror symmetry, one can obtain 
VI. Supplementary Note 5: Calculated dynamics of electrons and holes under mid-infrared excitation with the armchair polarization
In the main text, we used the extended three-step model to examine the dynamics of electrons and holes with the zigzag-polarization excitation. Here, we discuss the dynamics for the armchairpolarization excitation. Supplementary Figure 7a shows the group velocity map of the conduction band electrons in momentum space, as calculated with the tight binding model. With the armchair excitation (in the ky direction represented by the orange arrows), the wave packets of Bloch electrons are accelerated not only in the y direction but also in the x direction in real space, whereas they are accelerated only in the x direction with the zigzag excitation (in the kx direction represented by the green arrows). We regard a collision of an electron and hole as a pair whose separation is smaller than 0.05 . Here, we assume that these electron-hole pairs are generated at the and ' points at = 0, at which the positive peak of the incident light field occurs. We calculated the dynamics of a hole generated at ( , ) = (0,0) and several electrons generated at 60 neighboring atomic sites in addition to the atomic site of the hole. We made a 2D-search for collisions between the electrons and the hole with the limited collision time of a half cycle of the incident light field (0 < < /2). The two circles in Supplementary Figures 7b and 7c show the recombined electron-hole pairs in momentum space. Initial positions of the electron and the holes are depicted in Supplementary Figure 7d for two possible recombination paths. Even with the armchair polarization, the electrons and holes recombine and HHG is emitted. It is clear that the collision dynamics of the electrons and holes generated at the points are equivalent to those at the ' points as is clearly shown in Supplementary Figures 7b and 7c . This situation is reproduced by the theoretical model described in the Supplementary Note 4. However, we should also pay attention to the result that the phases of induced polarizations are different by p as shown in Eqn. (14) in Supplementary Note 4. These results clearly predict that no HHG is observed with perpendicular polarization (zigzag) in the case of the armchair excitation, which is experimentally confirmed in Supplementary Figure 3 .
